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Introduction The electrolytic conductance of the system nitric acid--nitrogen dioxide'--water in the liquid phase was measured at 320F and a pressure of 1 atmosphere for composi-, tions containing more than 80 weight per cent nitric acid.b The conductance of the associated binary systems nitric acid--water and nitric acid--nitrogen dioxide was measured over the entire range of compositions fruo 0 to 100 weight per cent nitric acid. The conductance of the binary system nitrogen dioxide--water was not measured as a result of the fact that these species undergo chemical reaction and that the rate of attainment of equilibrium is extremely slow at 32 0 F. The conductance measurements indicate that pure nitrogen dioxide and, as would be expected, water are relatively nonconducting, whereas nitric acid is relatively a good conductor. The addition of small quantities of nitrogen dioxide to nitric acid results in an increase in conductance. The addition of water to nitric acid results in a decrease in conductance in one range of compositions covered by this investigation. The experimental results are presented in both graphical and tabular form.
II. DESCRIPTION OF EQUIPMENT AND METHODS
Essentially the method of Kohlrausch as described by Ostwald (Cf. Ref. 1), utilizing an alternating-current Wheatstone bridge, was adopted in the present set of conductance measurements. A simplified circuit is shown in Figure 1 . The unknown resistance R. of the solution is determined when balance in the bridge circuit is obtained by adjustment of the variable resistors R, R , and R 3 . A state of balance is indicated if no current flows through the current Jetector D when a source S of alternating voltage is applied to the system. A commercial impedance bridge was used for the variable resistors, a cathode-ray oscilloscope was employed as the current detector, and an audio oscillator furnished the source of alternating current at a frequency of 1000 cyc/sec. Direct-current measurements are precluded as a result of polarization at the electrodes.
The conductance equipment was a modified dip cell manufactured by the Central Scientific Company and had a constant of apprpximately 1.0 ohm-cm. The electrodes were black platinized platinum disks 0.5 inch in diameter, set 1.5 inches apart. The conductance-cell assembly shown in Figure 2 was immersed for temperature control in an ice bath located in a Dewar flask. A sample of liquid was introduced so as to fill the cell to the point A of the Pyrex receptacle shown in the Figure. The widened top portion of the vessel permitted further addition of material to the system so that a range of compositions could be obtained. As a result of appreciable changes in enthalpy for the solution, it was necessary after the mixing of materials to allow ample time for attainment of thermal equilibrium between the cell and the surrounding ice bath before conductance measurements were made. The liquid was agitated thoroughly to insure complete mixing.
SFor the sake of brevity, the term nitrogen dioxide, unless otherwise specified, is used throughout this paper to designate the equilibrium mixture of nitrogen dioxide and nitrogen tetroxide.
bThe term fuming nitric acid will be applied to the ternary system in this composition range.
The nitric acid was prepared by vacutin distillation at room temperature of a mixture of concentrated sulfuric acid and sodium nitrate. The nitric acid was collected in a receptacle at -70 0 F. The material collected was at least 99.9 weight per cent nitric acid as determined by an acidimetric titration. The nitric acid was stored at -10 0 F to reduce the thermal decomposition rate to a negligible value. Commercial nitrogen dioxide was fractionated and dried over phosphorus pentoxide. Water was redistilled from the commercial laboratory supply.
III. RESULTS
The results of the conductance measurements are depicted in Figures 3 through 5 and in Tables I through II. In Figure 3 specific conductance at 32 0 F is shown as a function of the weight fraction nitric acid for the binary system nitric acid--water.
For comparison, measurements of conductance for this system by Veley and Manley (Cf. Ref.
2) are included in Figure 3 . The experimental data for the nitric acid--%ater system are presented in Table I . At 32°F these components are completely miscible throughout the entire composition range. The conductance of the system increases with an increase in the weight fraction nitric acid and reaches a maximum at about 0.29 weight fraction nitric acid. Between 0.30 and 0.97 weight fraction the conductance decreases and reaches a minimum at 0.97 weight fraction nitric acid. Below 0.97 weight fraction nitric acid, hydrogen and nitrate ions are the predominant conducting species.
In the range 0.97 to 1.00 weight fraction nitric acid, the conductance again increases. In this latter range, studies of the Raman spectra (Cf. Ref.
3) of the system indicate that nitric acid undergoes self-ionization to yield nitronium ions (NJ2) and nitrate j2 ions (NO3) according to the expression
2HNO3--NO+ + NO-+ H 2 0
It is evident from this expression that the self-ionization of nitric acid is suppressed by the addition of water. Thus the reduction of conductance of pure nitric acid upon the addition of water may be explained. Figure 4 presents the specific conductance at 32 0 F for the binary system nitric acid--nitrogen dioxide. The corresponding experimental data are recorded in Table I This ionization causes the increase in conductance observed when nitrogen dioxide is added to nitric acid. At weight fractions of nitric acid below 0.72, a decrease in nitric acid concentration results in a decrease in conductance until the phase boundary is reached. In Figure 5 are shown smoothed curves of constant specific conductance as a function of composition for states greater than 0.80 weight fraction nitric acid.
These smoothed data are tabulated in Table III . The mean deviation of the conductance measurements from these data is estimated to be less than 2 per cent. From Figure 5 it is evident that conductance measurements present a possible analytical tool for determining the composition of fuming nitric acid. It is necessary to determine the concentration of only one species in the system by another physicochemical method such as the measurement of transmittance with a spectrophotometer.
The nitrogen dioxide or water concentration can be determined by transmittance measurements in the visible region or the infrared region, respectively. These measurements together with the conductance measurements establish no more than two values of composition in Figure 5 . The actual composition of the sample may be determined by adding one of the components to the mixture and noting whether an increase or decrease in conductance occurs.
IV. CONCLUSION
The conductance data for a portion of the nitric acid--nitrogen dioxide--water system give additional evidence of the presence of the ionic species, nitronium, nitrosonium, and nitrate, which were indicated earlier by studies of Raman spectra (Cf. Ref. 4) . A method of chemical analysis may possibly be based upon such conductance measurements. These measurements are part of an investigation of physiochemical properties which may be of value in understanding the kinetics of the thermal decomposition of fuming nitric acid and the corrosion of metals by this material. 
